It is hoped that amniotic epithelial cells can be useful in cell-mediated gene therapy. We report here an experimental cell transplantation model of amniotic cells in rats. There is an anatomical difference between human and rodent embryos. We established a method to isolate amniotic cells that are equivalent to human amniotic epithelial cells. An amniotic membrane distinct from the yolk sac was carefully collected and teased in saline containing deoxyribonuclease and hyaluronidase, followed by collagenase digestion. The cell yield was approximately 10 6 cells per pregnant female (10 5 cells per fetus), roughly in proportion to the age of fetus used, and 60% of the isolated cells were attached to the dish under culture conditions. Telomerase activity was higher in the cells isolated from fetuses in the middle stage (day 13.5 to 15.5) than in the late stage (day 17.5 to 21.5). Adherent cells exhibited two to three times more cell division, resulting in a ninefold increase in the number of cells. Immunohistochemical analysis revealed that approximately half of the adherent cells were albumin positive and formed clusters. The senescent cells survived for 2 months without apparent morphological changes. The adherent cells were able to be stored in liquid nitrogen and had a viability of 70% when thawed. Gene transduction with adenovirus vector was highly effective for rat amniotic cells. Transplantation of lacZ transfected amniotic cells into syngeneic rat liver resulted in the integration of the transplanted cells in the liver structure and the cells survived for at least 30 days.
INTRODUCTION
ences between human and rodent amnion (3), and describe their cytological features, including cell transplan-Human amniotic epithelial cells (hAmECs) are able tation into syngeneic liver. to express differentiation markers in vitro of at least two cell lineages: nerve cells and hepatic parenchymal cells MATERIALS AND METHODS (5, 6) . The former was characterized by the expression Animals of neurofilament and glial fibrillary acidic protein (6) , and the latter by albumin and α-fetoprotein (5) . Because Inbred LEW rats (SEAC Yoshitomi, Fukuoka, Japan) amnion is formed in the early stage of embryogenesis, were used throughout the experiments. The day of matimmature undifferentiated cells may be reserved. In ading was confirmed by detection of plug and was redition to biological features, hAmECs are obtained from garded as gestation day 0.5. All experimental procedures the placenta during cesarean section without obvious were designed according to our institutional animal ethethical problems and, therefore, may be usable as an ex ics guideline based on the NIH guideline (7) . vivo gene carrier, especially to the central nerve system Isolation, Culture, and Storage of Amniotic Cells and liver.
To develop clinical applications, an experimental sys-Fetuses, including the amnion and yolk sac, were tem for investigating allogeneic transplantation is taken from the uteruses of pregnant females on gestation needed. Although hAmECs were implanted in SCID day 13.5 to 21.5. The yolk sac membrane was carefully mouse liver, the recovery was not sufficient to achieve cut out and the inner thin white membrane (amniotic gene therapy for liver affected with congenital disease membrane) was collected. The amniotic membrane was (5) . In this report, we elaborate on a method for isolating torn into pieces by forceps in a dish with 5-10 ml of rat amniotic cells, considering the anatomical differsaline containing 0.03% hyaluronidase (H-3506, Sigma) 424 NAKAJIMA ET AL. and 0.025% deoxyribonuclease I (DN-25, Sigma) at RESULTS room temperature. The amniotic membrane was col-Isolated Number of Cells at Various Gestation Stages lected by centrifugation and digested by 10 ml of colla-
The amniotic membrane was easily distinguished genase solution [2 mg/ml collagenase (S-I, Nitta Gelatin, from the yellowish yolk sac membrane by its white Tokyo, Japan) in Hanks buffer (H-2387, Sigma) containcolor, although the membrane was a thin monolayer ing 5 mmol/L CaCl 2 ] for 1 h. The crude cell suspension (data not shown). Amniotic cells were isolated from fethus obtained was passed several times through a 23tuses at day 13.5 to 21.5 (Fig. 1) . In practice, the 13.5gauge needle (Terumo, Tokyo, Japan) to loosen cell agday fetus was the smallest from which we could take gregates. Large debris was then removed using a 40-mm amniotic membrane. The total yield of isolated cells was mesh (2340, Falcon). The cell suspension was centri-6 × 10 4 cells from a 13.5-day fetus. In our experiment, fuged, resuspended in DMEM/F12 (12400-081, GIBCO the day of delivery was day 22.5, and the fetus at late BRL) containing 10% fetal bovine serum, and counted stage (17.5-to 21.5-day fetus) had a relatively steady with a hemacytometer. The cell viability judged by the yield of cells [5.75 ± 3.29 × 10 5 cells (average ± SD, n = trypan-blue exclusion test always exceeded 95%, and 20)]. Collagenase incubation was performed for 1 h, while the amniotic membranes from 13.5-and 14.5-day 2 × 10 6 cells were inoculated in a 100-mm cell culture fetuses were completely digested within 15 min, reflectdish (3003, Falcon) or 1 × 10 5 cells in 35-mm dish in a ing that the intercellular adhesion is still loose in the six-well culture plate (3046, Falcon), with the DMEM/ middle stage of gestation. Treatment with hyaluronidase F12 medium. In some experiments, adherent cells were and deoxyribonuclease I effectively removed gel-like harvested with 0.05% trypsin and 0.53 mmol/L EDTA substance around the amniotic membrane and prevented (15400-054, GIBCO BRL) after 2-3 days of culture, cell aggregation after collagenase digestion. Because suspended in 1 ml of storage medium (10% dimethyl there were 6-15 littermates, the total cell yield was from sulfoxide in the DMEM/F12 medium), frozen in a deep 6 × 10 4 to 7.5 × 10 6 cells. Around 60% of the inoculated freezer overnight, then stored in liquid nitrogen. cells were attached on the culture dish during the first 2 days, regardless of the age of the fetus used. Thirty to Transfection of Adenovirus Vector (AdexlacZ) and Cell fifty percent of the floating cells were living, although Transplantation Into Rat Liver their biological characteristics were not examined. Amniotic cells in the end stage of gestation (day 21.5) ex-The lacZ marker gene was transfected into rat amnihibited somewhat senescent features, such as increased otic cells by incubation with 2 ml of serum-free DMEM/ cell body to nucleus ratios and irregular spindle-like cell F12 containing AdexlacZ at an MOI of 10-80 in a 100surfaces (data not shown). Telomerase activity was mm dish for 1 h in a CO 2 incubator. Ten milliliters of higher in the amniotic cells from middle-stage fetuses DMEM/F12 containing 10% fetal bovine serum was (Fig. 2) . The activity in the freshly isolated cells dethen added and cultured overnight. The medium was creased gradually from 14.5-to 21.5-day fetuses. Of the changed 1 day after and cultured for 1-2 days to elimiadherent cells, only 14.5-day cells exhibited detectable nate competent adenoviral vector. The cells were haractivity. vested and injected into rat liver through the portal vein. One rat (adult male LEW, weighing 250-300 g) received 5 to 7.5 × 10 6 cells.
Miscellaneous
Telomerase activity was determined by a telomeric repeat amplification protocol with a TRAPEZE kit (Intergen, NY). Albumin staining of cultured rat amniotic cells was performed using anti-rat albumin rabbit IgG conjugated with horse radish peroxidase (P-6782, Sigma) and control staining with normal rabbit IgG conjugated with horse radish peroxidase. Immunization of rat albumin (A-6272, Sigma) and conjugation of peroxidase Cell Growth in the Culture Condition and the Effect of the amniotic cells were albumin positive, and the cells Freezing Storage were clustered (Fig. 4B) . The amniotic cells were easily The adherent cells (10 5 cells) that had been obtained transfected with adenoviral vector (Fig. 4C) . Although from 17.5-day fetuses were inoculated in a 35-mm dish, the staining strength differed in each cell, almost all of and the passage was repeated with the same protocol at the cells were positively transfected. The lacZ transfecweekly intervals. The change in the number of cells is ted cells were found in the liver by X-gal staining 30 shown in Figure 3A . The number of cells increased days after the transplantation (Fig. 4E ), while normal rat 4.95-and 1.45-fold during the first and second weeks, liver showed no stained cells (Fig. 4D) . The cells formed but did not increase thereafter. The average number of small masses in some areas and there seemed to be cell divisions was calculated to be 2.75 times. Micromany more residing cells than the human amniotic episcopically, however, the cells became confluent even thelial cells transplanted in SCID mouse liver (5) . after the third passage, indicating that the cellular body DISCUSSION increased even though the number of cells did not. The Hepatocellular transplantation has several advantages senescent cells survived in vitro for 2 months without over whole liver transplantation, especially for congenimarked morphological changes. The frozen-and-stored tal disease caused by a single genomic defect. First, the cells were also examined for cell division activity (Fig. whole replacement of a life-supporting organ means that 3B). Cell viability was 70% after thawing. The pattern the recipient lives with the risk of organ failure due to of cell proliferation was similar to that of freshly prerejection. However, cell transplantation itself is not life pared cells; the total increment was 9.31-fold and cell threatening, even when the donor cells are rejected (1). division was 3.02 times.
Second, ex vivo gene therapy is feasible (8), together Albumin Production and Intrahepatic Cell with recent progress in cryopreservation techniques of Transplantation human hepatocytes. However, there are still fewer cell transplants than organ transplants due to the low effi-Adherent amniotic cells were stained for albumin. As a positive control, primary cultured rat hepatocytes were cacy of patient improvement and low accessibility to cell procurement. In this sense, hAmECs with biological stained with albumin ( Fig. 4A ). Approximately half of activity enhanced by gene transduction will be promis-positive cells are easily integrated into a hepatic parenchymal structure. ing tools for cell therapy for congenital hepatic failure.
An animal model is necessary for preclinical in-One of the striking biological features of amniotic cells is the long life span of senescent cells in vitro. This vestigation of cell therapy with hAmECs. This report establishes an experimental procedure designed for rat cytological nature may result in long-surviving cells in the liver. Predictably, telomerase activity was decreased amniotic cell transplantation between syngeneic and allogeneic combinations. This procedure has demonstrated corresponding to the progress of gestation. The enhancement of cell growth is desirable for obtaining a large promising results in intrahepatic transplantation. While the human amniotic membrane develops apart from the number of cells in vitro and for increasing the number of transplanted cells. Transfection of telomerase genes yolk sac, which degenerates gradually and almost disappears before the middle stage of gestation, in rodents the may be an effective way to enforce proliferative activity of amniotic cells. High efficiency of adenoviral vector yolk sac membrane remains until term (3). Although the yolk sac surrounds the fetus so completely that the inner infection is another advantage for gene carriers. Further investigation should be done to improve the infection thin amniotic membrane may be missed, the amniotic membrane is clearly distinguished from the yellowish efficiency of the retroviral vector. Here, also, telomerase transduction may enhance the rate of retroviral transduc-yolk sac by its white color. In addition, the yolk sac membrane is well vascularized, but the amniotic mem-tion. brane is not. clustering of the same cell type suggests that albumin-
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